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Abstract

Theobroma cacao L. expressed sequence tags (ESTs) were converted into useful genetic
markers for fingerprinting individuals and genetic linkage mapping. Primers were designed
to microsatellite-containing ESTs. Twenty-two T. cacao accessions, parents of various map-
ping populations segregating for disease resistance and crop yield characteristics, were tested.
Twenty-seven informative loci were discovered with 26 primer pairs. The number of
detected alleles ranged from two to 11 and averaged 4.4 per locus. All 27 markers could be
mapped into at least one of the existing F, or F, populations segregating for agronomically

important traits.
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Theobroma cacao L. is an important cash crop throughout
the tropics (Souza & Dias 2001). The beans are the sole
source of cocoa, the raw material for chocolate. Crop
yields of T. cacao are limited by susceptibility to
numerous pathogens. Conventional breeding programs
for improved disease resistance have been hampered
by the use of a narrow genetic base (Motamayor et al.
2002, 2003), mislabelling of accessions in international
germplasm collections (Turnbull et al. 2004), and pollen
contamination of controlled crosses (Cervantes-Martinez
et al. 2006). Thus, traditional breeding has provided less
than superior planting material for farmers (Dias 2001).
Because of the small population sizes commonly produced
in T. cacao, a haplotype-based method for quantitative
trait loci (QTL) mapping in half-sibling F, populations was
recently proposed (Cervantes-Martinez & Brown 2004).
The method requires that informative, codominant markers
be present in the QTL-donor parent. To increase the num-
ber of microsatellites, publicly available T. cacao expressed
sequence tags (ESTs) were investigated. Data-mining
ESTs for microsatellites has proven effective for generating
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novel markers in a number of plant species (Varshney
et al. 2005).

Theobroma cacao ESTs (6557) were assembled into 2336
unigenes > 150 bp in length using SEQUENCHER 4.0 (Gene
Codes) and screened using the Cotton Microsatellite Data-
base Simple Sequence Repeat Server (Clemson University
Genomics Institute; http://www.mainlab.clemson.edu/
cmd/ssr_server/) with the default parameters for mini-
mum repeat numbers. Polymerase chain reaction (PCR)
primers were designed using PRIME in GCG (Wisconsin
package version 10.2). Twenty-two accessions repres-
enting at least one founding parent of various F; and F,
populations segregating for tolerance to vascular streak
dieback, frosty pod, black pod or witches” broom diseases,
as well as for important crop yield traits were assayed
(Cervantes-Martinez et al. 2006).

DNA samples were extracted as described in Schnell
et al. (2005). PCRs were conducted with PTC-225 thermal-
cyclers (M] Research) containing 0.1 um forward primer,
0.1 um reverse primer, 200 uMm dNTPs, 10 ng of bovine
serum albumin, 1 x PCR buffer with 1.5 mm MgCl,, 0.4 U
of polymerase (either AmpliTag, Applied Biosystems or
NEB polymerase, New England Biolabs), and 10 ng of
DNA in a total volume of 10 pLs. For primers with an
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annealing temperature (T,) of 60 °C, thermalcycler condi- % .
tions were: 94 °C, 2 min; (94 °C, 20s; 60 °C, 45s; 72 °C, 5 %\
1 min) x 5; (94 °C, 20 s; 56 °C, 45 s; 72 °C 1 min) x 35; 72 °C, 3 e 5\
10 min. The first five cycles were omitted for primers with S S8 e
a T, of 56 °C. Amplification success was determined by -l @ e g9 S % S
agarose gel electrophoresis: 2.5% agarose, 1 x TBE bulffer, 812 | 8 88 | 9%, S
120 V, ethidium bromide-stained, and visualized with UV o e b e e o o -
light. Capillary electrophoresis was performed on the ABI = 3 3 =28 8§ & = =
PRISM 3100 Genetic Analyser with ROX-labelled GENESCAN- | ° < 55 ° T 7 °
400HD (Applied Biosystems) as described in Schnell ef al. N A o e B e B e
(2005) except the injection time was reduced to 10 s if the ol R ¢ & ¥R % R & R
signal strength of the amplified product saturated the T|le S e S S S S <9
detector. Forward primers were labelled with either 6-FAM L8 e 8 SR OB & ¥
or HEX. Alleles were scored using GENESCAN version 3.7 and T/ & s © s S S oS o
GENOTYPER version 3.7 (Applied Biosystems). Descriptive 5 8
statistics (Table 1) were generated with GpA version 1.1 SZ | v % o oo o e o~ -
(Lewis & Zaykin 2001). Tests for Hardy-Weinberg equilibrium z's -
(HWE) and linkage disequilibrium (LD) were conducted @ 2
using GENEPOP version 3.4 (Raymond & Rousset 1995). S8 X 2 T O Oz o8 I
Twenty-seven polymorphic loci were identified from 26 E) § E i :,\ E 2{,‘ E :1' Z E
primer pairs. One primer pair, SHRSTc047, amplified an ae |8 = & 88 & & =2 &
additional locus designated SHRSTc047a. The number of <8 T 9 93 9§ § 9 =
alleles ranged from two to 11, averaging 4.4 alleles per locus - .
(Table 1). Eleven loci departed significantly from HWE ! = @
(P <0.05), and all showed significant LD (P > 0.05) with at g (::g: E{,ﬁ %
least two other loci. The observed departure from HWE i s Zry = &
and the LD noted is likely due to the nature of the acces- °8’. § £ = é 2:
sions tested: cultivated material selected and used to e & N g E; £
develop populations segregating for resistance to various 3 E: %‘ B ’é‘\ g E‘;
diseases as well as other agronomically important traits E ©) § ,Zs’ 3 % = & ’§ iE'),[\
(pod number, bean size, etc.). £ LS % &~ 8 ,E:r § ,ig ] /z;
Fingerprinting of the accessions indicated 27 loci charac- g &%‘ Ebﬁ, 5 é é § & E é e
terized could be placed in at least one mapping population S
(Table 2). The primers were tested on TSH§16, an F, indi- E e g 2 g 8 2T g 3 g g
vidual used to create the only F, population of T. cacao g
(Brown et al. 2005), and progeny of the F, population and §
various F, populations. Segregation at the expected ratios § o o ED oo
has been observed (data not shown). These EST-derived S o % % % g § § % § o E % § §
microsatellite markers are currently being mapped into S S| 286 § 5 g 2858 o ?g: E é & %
these populations. Additional microsatellite-containing ESTs E t\nl/ % g % S % E § % § % § % § = % g
are currently being evaluated for their utility as genetic markers. ; é’ % S E % g % Q o § % % % g § % §
g o U H o} QBB B g
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Table 1 Continued

GenBank T, Sizerange  No. of
Locus Accessiont  Primer sequence (5-3") (°C)  Repeat(s) n  (base pairs) alleles Hp Hg f LDf
SHRSTc053  CA798178  F: TTCCCTTTCTTTCTCTCTCTC 56 (CT)1N5(CT),, TCT 22 198-224 7 0703 0.364* 0489 —
R: AGTCGTTGCTACTGCTGG
SHRSTc054  CA798214  F: CGATTGATGGTATTGGCTCTT 60 (CT),G(CTT),CCT(CTT), 22 82-100 3 0592 0727 -0235 —
R: TCAGCAGCTACGAATGGAA
SHRSTc055  CF972846  F: TCTTCTCCTTTCCCATTCCC 60 CTC(TTC)3N,((TTC)g 22 209,212 2 0460 0.682* -0.500 —
R: CATCTCTTTCAAAACCGCCA
SHRSTc056 ~ CF972885  F: ACCCTTTTGCCACCTTCTG 60 (anG), 22 95-107 4 0.504  0.500 0.009 48,61, 64
R: CTTGACTAACTGCTCCATTTACACC
SHRSTc057  CF972909  F: AGCCGAAGCATAATCATAGC 60 C.(TCA)gN, 5(TGC),N,,(TCA), 22 143-149 3 0487 0.182*  0.632 —
R: GGCAATGATGGATACGACTAC
SHRSTc058  CF973870  F: GCTGTAGAGATTATTCCTTTCGTC 60 (TCT),(CTTT),CT(CAR),N,(TTC), 22 202-208 3 0.588 0.636* -0.085 —
R: CCAAGAACAAAGAAGAACCCA
SHRSTc059  CF974239  F: ATGTTGACGACCTCGATGA 60 (CTT),T(GCC),T,(TCR)y 22 93-105 3 0563 0.591 -0.050 47a,60, 61, 64
R: ACCAAACCCCGAACAGT
SHRSTc060  CA798467  F: TCGACTCGTTCGTCATCAA 60 (anG),, 22 93-102 3 0458 0540 -0.197 45,47a,59,70
R: CCCTTTTATCCCTGGAGCA
SHRSTc061  CA796242  F: TCAACCGACCGACGAATAC 60 (CAG)5CGGNy(CGG),(CAG); 22 179-217 4 0580 0591 -0.019 48,50,52,56,59, 64
R: AATCTCTACCCCGCTGGAAG
SHRSTc062  CA795200  F: AGCCCACAAAGCGTAGAG 60 (AnG)g 22 232-241 3 0382 0.182* 0529 —
R: CAGCAAAGGGAGAATCAGTC
SHRSTc063  CA797237  F: CTGTTTCTTGCCCCTGTT 60 (GT);C(CTG), 22 229-239 3 0.090 0.091 -0.012 45,66
R: TGCTGCTTCCTTCTTGTG
SHRSTc064  CF973954  F: TCCTACATTCCTGCACCC 56 (C),AA(TA);N;TATT(TA), 22 291-387 11 0.642 0.591 0.081 48, 56,59, 61,68
R: TCGAGAGAAAAGCTCTTACACT
SHRSTc065  CA796357  F: TCAAAGCAAACCCAGAGAAG 60 (GT),(CT),(AT),AC(AT);,GT(AT), 18 236-251 5 0706 0.222*  0.692 —
R: TCGGAAACAAAAACAAACCC
SHRSTc066 ~ CA798247  F: ACAGGAATCCCCATCAGCGA 60 CTTT(TC);5 22 210224 7 0.732  0.727 0.007 50, 63, 68, 70
R: GCAATCGACAGGCATGAGAGAG
SHRSTc067  CF973890  F: GCTGGTGGAAGATGGTAGAGA 60 (TAAR) NGT, ¢ 21 236-239 3 0577 0.524 0.095 45, 47a,50
R: CCCGAAAGAACCCTAACGA
SHRSTc068  CF972661  F: CTCCAACATCTCCTACTCCATC 60 (AT),(AAAT),(AAGCA), 22 330,350 2 0.512  0.455 0.114  47a, 50, 64
R: GCTAAATCATACAGCAACATCCACA
SHRSTc069  CF974316  F: GGTGATTGAGATGAGAAACAAAGGT 60 (TC)(CT);G(T)5(C)5(CT),G(TC)g 22 194-208 4 0.644 0.540* 0.156 —
R: CACAAGGGTAAAAAAGAGAGAGAGA
SHRSTc070  CF974377  F: GATTACAACACCTTCTTCACCTAC 56 (AG)G(GA), 22 223,225 2 0359 0454 0273 47,48,50,60
R: ATCAGTTTAACCCCCCTCC
Mean 4.4 0571  0.526 0.061

T,, annealing temperature; 1, number of accessions successfully genotyped out of 22; Hy,, expected heterozygosity; H,, observed heterozygosity; f, estimate of fixation index.
*departs significantly from HWE at P < 0.05.

tGenBank Accession number given for an EST that contains both primer sites and the microsatellite region.
1SHRSTc# given for loci showing significant linkage disequilibrium (LD) (P > 0.05), excluding loci that depart significantly from HWE.

HLON ¥HINI¥Ud 8€¢



Table 2 Potential utility for mapping purposes
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Parent 1 UF273 KA2-101 Scab
Parent 2 Pound 7 K82 1Cs1
Population type F, F, F,*
No. of individuals 256 511 154
Segregating phenotype Black pod and frosty Black pod and vascular Witches’ broom disease
pod diseases streak dieback diseases

No. of informative loci 19 17 19
Loci with expected

1:1 segregation ratio 16 12 -
Loci with expected

1:2:1 segregation ratio 0 5 19
Loci with expected

1:1:1:1 segregation ratio 3 0 -

*created from selfing TSH516.
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